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Abstract- An orbital machining apparatus (10) for pro- 

said inner body (24 , ^ °" ^ ho,e of said 

""uTr^^ hSnfrfondmd^.^^ <St- P«> " 

ofl^center axis of the cutting tool (14) firom sari pnncapal 
axis. 
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NUMEMCALLY CONTROLLED ORBITAL MACHINING APPARATUS 

Background of the invenfioii 

1. Field of the inventioii 

The invention generally relates to a numerically controlled orbital machining appa- 
ratus for producing a hole in a workpiece by means of a cutting tool rotating about 
its own tool axis as well as eccentrically (orbiting) about a principal axis corre- 
sponding to the longitudinal center axis of the hole to be machined. More particu- 
larly, the invention relates to an improved mechanism of said apparatus for adjusting 
the radial offset (orbit radius) of the cutting tool axis relative to the principal axis. 

2. Descriptiion of the related art 

WO 99/62661 discloses an apparatus for machining a hole in a workpiece wherein 
the apparatus comprises a spindle motor that rotates a cutting tool about its own 
center axis and wherem the cuttmg tqol can rotate eccentrically about a principal 
axis corresponding to the longitudinal center axis of the hole. The apparatus com- 
prises a mechanism for adjusting the radial offset of the tool axis relative to the 
principal axis. Although the radial offset adjustment mechanism is configured such 
as to make it possible to change the radial offset during machimng such that conical 
holes may be formed while simultaneously rotating the cutting tool about its own 
center axis and feeding the cutting tool axially into the workpiece, this mechanism is 
somewhat structurally complex and occupies a relatively large space in the longitu- 
dinal direction. The spmdle motor is protruding substantially in a cantilevered man- 
ner from supporting stractures of the apparatus, which may affect the precision of 
the machining results of the holes produced thereby. 
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Summary of the invention 

It is an object of the invention to provide an improved and stnicturally simpler and a 
more compact radial ofifeet adjustment mechanism of the present invention which is 
5 configured to allow a continuous radial offeet adjustment of the cutting tool while 
simultaneously performing an orbital movement thereof about the principal axis and 
moving it in an axial feed direction into the workpiece, thereby making it possible to 
produce not only cylindrical holes ot recesses but also holes or recesses having a 
conical or tiered configuration or sections thereof by using a substantially cylindri- 
10 caUy shaped cutting tool. 

For this purpose the apparatus of the present invention a first actuator configured for 
rotating the cutting tool about its longitudinal center axis during the machining of 
the hole; 

15 a second actuator configured for moving the cutting tool in an axial feed dhection 
substantially parallel to said tool axis, said second actuator being simultaneously op- 
erable with said first actuator; 

a third actuator configured for rotating the cutting tool about a principal axis, said 
principal axis being substantially parallel to said center axis of the tool and coaxial 

20 with a longitudinal center axis of the hole to be machined, said thkd actuator bemg 
sunultaneously operable with said first and second actuators; and 

a radial offeet mechanism configured for controlling the radial distance of the 
center axis of the cutting tool from said principal axis. According to tiie invention 
said radial offset mechanism comprises: an inner cyhndrical body having an eccen- 

25 trie cylmdrical hole, said eccentric hole havmg a longitudinal center axis that is par- 
aUel to and radially ofi&et fixMn a longitudmal center axis of said umer body, said 
eccentric hole bemg configured to radially and rotatably support a spmdle unit for 
operating said cutting tool; and 
an outer cylmdrical body having an eccentric cylindrical hole, said eccentric hole 

30 of said outer body having a longitudinal center axis that is parallel to and radially 
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offset from a longitudinal center axis of said outer body a distance which is equal to 
the distance between said center axis of the eccentric hole of said inner body and 
said center axis of the inner cylindrical body, said inner cylindrical body being radi- 
ally supported in said eccmtric hole of the outer cylindrical body and rotatable 
therein so as to adjust the radial distance of said center axis of the cutting tool from 
said principal axis, 

A further object of the invention is to provide a radial offset adjustment mechanism 
of the kind mentioned above, wherein the basic structural configuration of the radial 
offset adjustment mechanism is such as to allow for an accurate mass balancing of 
the centrically and eccentrically rotating (orbiting) components of the machining 
apparatus so that vibrations are eliminated or substantially attenuated dming work- 
ing operations of the apparatus. 

For this purpose said inner cylindrical body is configured such that the center of 
gravity thereof is positioned to match the center of gravity of Ihe spindle unit rotata- 
bly supported in said eccentric hole of the inner cylindrical body such that a com- 
mon center of gravity of said inner cylindrical body and said spindle unit coincides 
with the center axis of the inner cylindrical body, and wherein said outer cylindrical 
body is configured such that the center of gravity thereof is positioned to match said 
common center of gravity of the inner cylindrical body and said spindle unit such 
that a common center of gravity of the outer cylindrical body and the inner cylindri- 
cal body with said spindle unit coincide with the center axis of said outer cylindrical 
body. Thus, this is made possible owing to the fact that the common center of grav- 
ity of the rotating radial offset mechanism and all components rotating together 
therewith is positioned to coincide, or substantially coincide, with the principal axis, 
irrespective of the prevailing radial offset of the cutting tool. 
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Brief description of the drawings 
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Fig.l is a sclieniatic side section&l view of an orbital dachining apparatus equipped 
with a radial ofiset adjustment mechanism according to the invention; 

5 

Fig. 2 is a schematic cross-sectional view of an outer cylindrical body of the radial 
of&et adjustment mechanism of the invention; 

Fig. 3 is a schematic cross-sectional view of an iimer cylindrical body of tiie radial 
10 offset adjustment mechanism of the invention; 

Fig. 4 illustrates in a schematic cross-sectional view the inner cylindrical body lo- 
cated in a position in the eccentric hole of the outer cylindrical body such that the 
tool axis coincides witii center axis of die outer cylindrical body; and 

15 

Fig. 5 illustrates in a schematic cross-sectional view the mner cylindrical body lo- 
cated in a position m the outer cylindrical body such that a maximum radial ofifeet of 
the tool axis is obtained. 

20 Detailed description of a preferred embodiment 

As shown in Fig. 1, the orbital machining apparatus 10 generally includes a spindle 
motor unit 12 that rotates a cutting tool 14 about its own axis 1 6, a radial offset 
mechanism 18, an eccentiic rotation mechanism 20 and an axial feed mechanism 22. 
25 The apparatus 10 may be mounted in a stationary stand or mounted to a movable 
member, such as a robot arm. 

The radial offset mechanism 18 of tiie invention basically comprises an inner hollow 
cylindrical body 24 rotatably supporting the spindle unit 12 therein. The spmdle 
30 motor unit 12 is rotatably supported in an eccentric cylindrical hole 26 (Fig. 3) in flie 
cylindrical body 24 via a fixation sleeve 28 (Fig. 1). The eccentiic hole 26 has a 
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longitudinal center axis 30 (Fig. 3) that is parallel to but radially offset a distance e 
from the longitudinal center axis 32 of the cylindrical body 24. 

The eccentric inner cylindrical hody 24 is, in its turn, rotatably supported within an 
axially extending eccentric hole 34 of a second, oirter hollow cylmdrical body 36. 
The eccentric hole 34 has a longitudinal center axis 38 (Fig. 2) that is parallel to but 
radially offset a distance e from the center axis 40 of the cylindrical body 36 (the 
principal axis). Preferably, the holes 26 and 34 of the cylindrical bodies 24 and 36 
have the same eccentricily, i.e. the hole center axes 30 and 38 are radially offset the 
same distance e from the respective center axis 32 and 40 of the bodies 24 and 36. 
By rotating the inner cylindrical body 24 within the eccentric hole 34 of the outer 
cylindrical body 36, or by a mutual, relative rotation of the cylindrical bodies 24 and 
36, it is thus possible to locate the center axis 30 of the eccentric hole 26 of the inner 
cylindrical body 24 such that il^ and hence the spindle unit 12 and the center axis 16 
of the cutting tool 14, will coincide with the center axis 40 of the outer cylindrical 
body 36. In fliis case there is no radial offeet at all of the cuttmg tool axis 16. By 
performing a mutual, relative rotation of ISO** of the inner and outer cylindrical 
bodies 24 and 36 away from this zero radial offset position, a maximum offset of the 
cutting tool axis 16 is obtained. 


Basically, the outer cylindrical body 36 is rotatably siq)parted in a housing 42 of &e 
apparatuslO and is rotatable by a motor 44 via a belt 46, which engages a belt wheel 
48 connected to the outer body 36. Likewise, Uie inner cylindrical body 24 is ro- 
tatable by a further motor 50 via a belt 52, which engages a belt wheel 54 con- 
nected to the inner body 24 via a so-called Oldham coupling 56, or any equivalent 
coupling element, thereby allowing the belt wheel 54 to rotate at a fixed concentric 
position relative to the belt wheel 48 while generating a rotation of the eccentric in- 
ner cylindrical body 24. When the cylindrical bodies 24, 36 are rotated in synchro- 
nism, i.e. wiih the same angular speed by their respective motors 50, 44 and belts 
52, 46 during a working operation, no change of the radial offset value e of the tool 
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axis 16 will occur. In combinatioii with an axial feed of the cutting tool 14 into the 
workpiece (not shown) a cylindrical hole or recess may then be formed therein. 

If tibe inner and outer cylinder bodies 24 and 36 are caused to perform a relative ro- 
tation by rotating them in different speeds, the radial offset value e of the cutting 
tool axis 16 will be changed. This will allow for forming of a conical or tapered hole 
or section of a hole or recess in the workpiece when combined with an axial feed of 
the cutting tool 14 into the workpiece. 

According to iniportant aspect of the present invention the proposed embodiment of 
iJie inner and outer eccentric cylindrical bodies 24 and 36 of the radial offset ad- 
justment mechanism makes it possible to overcome the problem of unbalance, 
which is normally caused by a non-centric location of the common center of gravity 
of the rotating and orbiting components of previously known machining ^ara- 
tuses. 


As shown m Fig. 2, 4 and 5, the center of gravity of the outer cylindrical body 36 is 
indicated witii A, whereas the center of gravity of the inner cylindrical body 24 is 
indicated with B in Fig. 3-5, 

Since tiie eccentiicity, or fixed radial of6et e, of tiie hole 34 of tiie outer cylindrical 
body 36 from the center axis 40 equals (is tiie same distance value as) tiie eccentric- 
ily, or fixed radial offset e, of tiie hole 26 of tiie inner cylindrical body 24 from tiie 
center axis 32, tiie spindle unit 12 and tiie cutting tool center axis 16 may be moved 
along an arcuate path p (Figs. 4 and 5) by the inner body 24 into a position relative 
to tiie outer cylindrical body 36, in which tiie tool center axis 16 will coincide witii 
tiie center axis 40 of tiie outer cylindrical body 36, as shown in Fig. 4, resulting in an 
radial offeet 0 of flie cutting tool axis 16 when rotating bofli cylindrical bodies 
24 and 36 together wifli tiie same angular speed, i.e. witii no mutual, relative rota- 
tion. As shown in Fig. 5 and as mentioned above, a maximum radial offset position 
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Cmax of the cutting tool axis 16 may be obtained, when the inner cylindrical body 24 
is rotated 1 80° relative to the outer body 36 ftom the position in Fig. 4. 

Owing to flie above-mentioned geometric parameters of the two eccentric bodies 24 
and 36 it is possible to achieve a fairly accurate balancing of the rotating and orbit- 
ing conqjonents of the machining apparatus during the operation thereof, irrespec- 
tive of the prevailing radial offset of the tool axis 16. 

Firstly, for this purpose, the weight and the center of gravity B of the inner cylindri- 
cal body 24 is adapted to match the weight and center of gravity C of the spindle 
unit 12 mounted m the hole 26 such that the common center of gravity D of the body 
24 and the unit 12 (and all components rotating together therewith) will coincide 
with the center axis 32 of the inner body 24. Thus, the center of gravity D should 
remain substantially stationary at the center axis 32 independent on the rotary posi- 
tion of the spindle unit 12 relative to the inner cylindrical body 24. By then adapting 
the weight and the center of gravity A of the outer cylindrical body 36 such that the 
common center of gravity E of the outer body 36 and the inner body 24 together 
with the spindle unit 12 will be located at the center axis 40 of the outer cylindrical 
body 36 (at the principal axis) it is generally secured that the rotating and orbiting 
components of the apparatus will be balanced such that substantially no vibrations 
wiU be generated during the operation thereof The rotational speed of the outer cy- 
lindrical body 36 and thus the orbiting speed of the cutting tool 14 is normally in the 
order of 100-300 rpm. 
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Claims 


1 . An orbital machining apparatus for producing a hole in a woriqpiece by means of 
a cutting tool, said apparatus con^rising: 

a first actuator (12) configured for rotating the cutting tool (14) about its longitu- 
dinal center axis (16) during the machining of the hole; 

a second actuator (22) configured for moving the cutting tool (14) in an axial feed 
direction substantially parallel to said tool axis (16) , said second actuator (22) being 
simultaneously operable with said first actuator (12); 

a third actiiator (20) configured for rotating the cutting tool (14) about a principal 
axis, said principal axis being substantially parallel to said center axis (16) of the 
tool and coaxial with a longitudinal center axis of the hole to be machined, said third 
actuator (20) being simultaneously operable with said first and second actuators (12, 
22); and 

a radial offset mechanism configured for contirolling the radial distance of the 
center axis of the cutting tool from said principal axis, characterized m that said 
radial of&et mechanic comprises: 

an inner cylindrical body (24) having an eccentiic cylindrical hole (26), said ec- 
centric hole (26) having a longitudinal center axis (30) that is parallel to and radially 
offset from a longitudinal center axis (32) of said inner body (24), said eccentric 
hole (26) being configured to radially and rotatably support a spindle unit (12) for 
operating said cutting tool (14); and 

an outer cylindrical body (36) having an eccentric cylindrical hole (34), said ec- 
centiic hole (34) of said outer body (36) having a longitudinal center axis (38) that is 
parallel to and radiaUy offset from a longitudinal center axis (40) of said outer body 
a distance (e) which is equal to tiie distance (e) between said center axis (30) of the 
eccentric hole (26) of said inner body ((24) and said center axis (32) of flie inner cy- 
lindrical body (24), said inner cylindrical body (24) being radially supported in said 
eccentric hole (34) of the outer cylindrical body (36) and rotatable therein so as to 
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adjust the radial distance of said center axis (16) of the cutting tool (14) from said 
principal axis. 

2. An apparatus according to claim 1, characterized in that said inner cylindrical 
5 body (24) is configured such lhat the center of gravity (B) thereof is positioned to 
match the center of gravity (C) of the spindle unit (12) rotatably supported in said 
eccentric hole (26) of the iimer cylindrical body (24) such that a common center of 
gravity (D) of said inner cylindrical body (24) and said spindle unit (12) coincides 
wilii the center axis (32) of the inner cylindrical body (24), and wherein said outer 
10 cylindrical body (36) is configured such that the center of gravity (A) thereof is po- 
sitioned to match said common center of gravity (D) of the inner cylindrical body 
(24) and said spindle unit (12) such that a common center of gravity (E) of the outer 
cylindrical body (36) and the imier cylindrical body (24) with said spindle unit (12) 
coincide with the center axis (40) of said outer cylindrical body (36). 

15 
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